Abstract: A series of half-sandwich iridium-based complexes bearing 1,4-benzenebis (N,N′-dicyclohexylamidine) (H 2 L 1 ) or 4, 4′-bisphenylbis(N,N′-dicyclohexylamidine) 
Introduction
In the past few decades, well-defined metal-organic coordination macrocyles and cages have attracted growing attention due to their structural aesthetics and extensive applications, including host-guest chemistry, photoand electrochemical sensing, and catalysis [1, 2] . Effective methodology for synthesizing multinuclear complexes is to use small molecules or ions as templates bearing explicit instructions for the assembly process [3] . Until now, the preparation of 3D supramolecules has always required a template, especially in the formation of prism-like cages with large cavities [4] . Fujita demonstrated facile, selective self-assembly of 3D trigonal prisms by mixing palladium(II) acceptors with di-and tritoptic pyridyl ligands, but necessitating a template for the self-assembly [5] . However, assembly of cages with large cavity size and in the absence of templates remains less explored [6] .
Carbon monoxide has been found to be easily coordinated with various transition metals in many coordination modes. Besides the normal modes of coordination, σ or η 2 , it can also insert into an M-X bond (X = H, N, or C). Some groups have reported insertion of CO into mono(amidinate) iron complexes to give the corresponding carbamoyl complexes [7] . Meanwhile, the reaction of some mononuclear rhodium or iridium complexes with CO has demonstrated CO displacement rather than insertion into the Rh-N/Ir-N bond [8] . However, the reactivity of the metallamacrocycles and metallacages with CO has not been reported until now.
Amidinates are four-electron monoanions, having a characteristic conjugated N-C-N backbone through which the negative charge can be delocalized, and are versatile ligands, owing to flexible accommodation of resultant metal compounds [9] . This offers potential for homogeneous catalytic polymerization of a variety of hydrocarbon monomers including ethylene, propylene, 1,3-butadiene, and styrene [10] . Linked bis(amidinate)s are a distinctive class of such compounds that have received attention in recent years. Kawaguchi et al. reported the reaction of binuclear iron(II) with carbon monoxide supported by a cyclohexanelinked bis(amidinate) ligand in 2002 [11] . Since then, considerable attention has been paid to the synthesis and reactivity of bis(amidinate) rare earth metal complexes, which could serve as reagents in organic synthesis and as initiators/catalysts for polymerization [12] .
The foregoing developments encouraged us to take research into the construction and reactivity of halfsandwich transition-metal macrocycles and cages based on bis(amidinate) ligands 1,4-benzenebis(N,N′-dicyclohexylamidine) (H 2 L 1 ) and 4,4′-bisphenylbis(N,N′-dicyclohexylamidine) (H 2 L 2 ). Herein, a series of tetra-and hexanuclear complexes were synthesized and characterized. The reactivities of these complexes with carbon monoxide are discussed.
Results and discussion

Synthesis and characterization of the Ir macrocycles and cages
The ligand H 2 L 1 was prepared according to the literature [13] . The xenyl-linked bis(amidine) ligand H 2 L 2 was synthesized in three steps that are entirely analogous to those employed for the preparation of the published amidines (Scheme 1) [13, 14] . The IR spectrum of H 2 L 2 shows strong bands at approximately 3434 and 1635 cm -1 for the N-H and CN stretching vibrations, respectively, which are in agreement with IR spectral frequencies previously reported for other amidines [13, 15] . The 1 H NMR studies in CDCl 3 solution shows signals at δ = 1.19-1.83 ppm, one group of signals at δ = 3.09 ppm, and two doublets at δ = 7.31, 7.64 ppm, which can be ascribed to the Cy groups, NCH, and bisphenylyl groups, respectively.
Single-crystal X-ray diffraction indicated that each amidine moiety in bis(amidine) compound H 2 L 2 (CCDC 942674) presents as the E-syn:E-syn configuration in the solid state ( Fig. 1) , as observed in the previously structurally characterized N, N′-diphenyl-and N,N′-di(ptolyl) BuLi in THF at -78 °C, respectively (Scheme 2). For complex 1a, the 1 H NMR spectrum shows several groups of signals in the range of δ = 0.85-1.94 ppm, a sharp signal at δ = 1.78 ppm and one group of signals at δ = 2.61 ppm, a signal at 7.17 ppm, which can be ascribed to the cyclohexyl groups, Cp*, NCH, and C 6 H 4 , respectively. For complex 1b, 1 H NMR spectrum shows the structure is similar to that of complex 1a.
Scheme 1 (i) Excess
n BuLi, diethyl ether; (ii) 2 equiv. CyN  C  NCy, THF; (iii) 2 equiv. H 2 O.
The molecular structural diagrams of complexes 1a (CCDC 942666) and 1b (CCDC 942667) are shown in Fig. 2 . Both complexes 1a and 1b are dinuclear structures linked by one bis(aminate) bridge in the solid state. Each Ir center is six-coordinate with one Cp* group (assuming Cp* as a three-coordinate ligand), two nitrogen atoms of the linked bis(amidinate) ligand, and one chlorine atom. The two chlorine atoms in the same complex are positioned trans to each other. In contrast with the structure of the free ligand H 2 L 2 , the two phenyl groups are coplanar in complex 1b (Table 1 ). The Ir-N bond lengths in 1a (2.119(3) and 2.122(3) Å) are similar to those of complex 1b (2.134(4) and 2.108(4) Å) and the observed six-coordinated iridium complexes (b) . Hydrogen atoms and guest molecules were omitted for clarity.
[8b, 17]. The C-N bond lengths within the same amidine fragment (1.327(5) (N(1)-C(4)) and 1.314(5) (N(2)-C(4)) Å for 1a;1.332(7) (C1-N1) and 1.308(7) Å (C1-N2) for 1b) (Table 1 ) are close to each other, and both lengths are intermediate between the C-N and CN lengths observed in the neutral ligands, indicating the negative charge delocalization within the NCN fragments. It is known that a rectangular structure with two different ligand "edges" can be constructed via the selfassembly of two bidentate linear linkers and two bidentate angular components [18] . Our group has focused on the construction of half-sandwich iridium macrocycles in the past few years. Recently, we have reported a series of macrocycles formed by carboxylic acid through C-H activation [19] . We were interested to see whether a similar rectangular structure would be formed with the long-linked bis(aminate) ligands. The reaction between complexes 1a or 1b, pyrazine and AgOTf in the ratio of 1:1:2 at low temperature resulted in the formation of complexes 2a and 2b in high yields (Scheme 3).
In the 1 H NMR spectra, the signals are ascribed to Cp*Ir fragments for complex 2a at δ = 1.57 ppm and the bridging pyrazine at δ = 9.46 ppm, and the signals of Cp*Ir fragments for complex 2b appeared at δ = 1.84 ppm and the bridging pyrazine at δ = 9.50 ppm, respectively. The feature signals of 2b are similar to those of complex 2a, which indicate that the backbones of complexes 2a and 2b are very similar in solution.
The detailed structures of complexes 2a (CCDC 942668) and 2b (CCDC 942669) were determined by X-ray diffraction analysis. The molecular structures of 2a and 2b are shown in Fig. 3 . For complex 2a, it was confirmed to be a half-sandwich tetranuclear metallamacrocycle that consists of one almost standard rectangular cation and four triflate anions, leading to the formulation of [(Cp*Ir) 4 Table 1 α (N-C-N) (°) and α′ (°) (the dihedral angle of the two phenyl groups in the same bis(amidinate) ligand) for ligand H 2 L 2 , complexes 1b, 2b, and 3b. (12) 1.331 (11) 108. 4(8) less as defined by the iridium centers. The diagonal lengths of Ir(1) … Ir(2A) and Ir(2) … Ir(1A) in this structure all are 12.88 Å. However, unlike complex 2a and those complexes that we obtained before [19, 20] , the macrocycle of complex 2b twisted greatly (Ir(1) … Ir(2) … Ir(4), 73.9°; Ir(2) … Ir(1) … Ir(3), 71.8°; Ir(1) … Ir(3) … Ir(4), 74.0°; Ir(2) … Ir(4) … Ir(3), 71.8°) to a distorted tetrahedral structure because of the rotation of the bond between the two phenyl groups in the same bis(amidinate) ligand. The dihedral angles of the two phenyl groups in the same bis-amidinate ligand are much larger than that of the free ligand and the binuclear complex 1b, with the values of 46.7(6) and 46.4(7)°, respectively (Table 1 ). The complex cation adopts a twisted rectangular structure with nonbonding Ir … Ir distances of 15.2 and 7.0 Å. The combination of three bidentate linear linking units with two tridentate angular components may result in a prism structure. 2,4,6-tri(4-pyridyl)-1,3,5-triazine (tpt) is a tridentate ligand that has been used extensively in the construction of supramolecular structure [4, 5, 21] . As we expected, a prism-like cage could be obtained by the reaction of complex 1a or 1b, tpt and AgOTf in the ratio of 3:2:6 in dichloromethane at -78 °C, respectively (Scheme 4).
The organometallic triangular prisms were characterized by various spectroscopic techniques. The 1 H NMR spectra of 3a and 3b displayed similar signal patterns for the pyridyl protons with two doublets δ = 9.06 and 9.12 ppm for 3a and at δ = 9.20 and 9.31 ppm for 3b. The structures of 3a (CCDC 942670) and 3b (CCDC 942671) were evidenced by X-ray crystallographic analysis of single crystals which were obtained by slow evaporation of ether into concentrated solution of the complex in dichloromethane. As shown in Fig. 4 , the metal centers still adopt a three-legged piano-stool geometry similar to those of 1a, 1b, 2a, and 2b. The formula of 3a and 3b can be expressed as [(Cp*Ir) 6 (L 1 ) 3 (tpt) 2 ][OTf] 6 and [(Cp*Ir) 6 (L 2 ) 3 (tpt) 2 ][OTf] 6 (solvent molecules are not included), respectively. The distance between the central C 3 N 3 rings is 9.34 Å for complex 3a, while the space between the"roof"and the "floor" of the prism cage 3b is up to 13.8 Å, both of which are much larger than the double thickness of planar aromatic compounds [5b] . However, in the presence of the large aromatic compounds (such as pyrene, coronene), the empty cage is still uneffective because the peaks of 1 H NMR spectrum did not shift, indicating that there are no interactions between the cages and the aromatic molecules. (b) . All hydrogen atoms and guest molecules were omitted for clarity.
The reactivity of the Ir macrocycles and cages with carbon monoxide and tert-butylisocyanide
An attempt was made to expose the solution of the tetra-and hexanuclear complexes 2a, 3a, 2b, or 3b in CH 2 Cl 2 with CO at room temperature, respectively (Scheme 5). The solution color greatly changed from dark red to light yellow immediately to yield 4a and 4b.
The CO stretching frequencies of 2026 cm -1 (4a) and 2022 cm -1 (4b) are similar to the series of [Cp*Ir(CO) (PR 3 )H] + and Cp*Ir(CO)(PR 3 )CH 3 ] + complexes observed by Wang and Angelici [22] . In contrast to the amidinate complex Cp*RhCl(CH 3 C 6 H 4 N(CH)NC 6 H 4 CH 3 ), which reacts with CO to form the acyl-formamidinato complex Cp*RhCl(COCH 3 C 6 H 4 N(CH)NC 6 H 4 CH 3 ) [23] , there is no evidence for CO insertion into the Ir-N bond during the reaction of multinuclear complexes with CO.
As in the case of compounds 4a and 4b, it was possible to examine the composition by using 1 H NMR spectroscopy in CDCl 3 . Surprisingly, the peaks of pyrazine/tpt are disappeared and the sharp signal of Cp* group shifts to 2.15 ppm for complex 4a and 1.96 ppm for complex 4b, as evidenced by a comparison with the spectra of tetranuclear/hexanuclear compounds. The ratio of Cp* groups and bis(amidinate) ligand is still 15:2. These results suggest that the backbones of the macrocycles and cages are changed. In addition, the structure of 4a (CCDC 942672) was determined by single-crystal X-ray analysis (Fig. 5) .
Single-crystal X-ray diffraction revealed that the bonds of Ir-N(pyrazine)/Ir-N(tpt) in 2a were broken up and the carbon atom of CO molecules coordinated with the metal centers instead of the nitrogen atom of the pyrazine/tpt, resulting in a binuclear complex 4a. The three-legged piano-stool geometry shape of the Cp*Ir corners remains and the coordination mode of the ligands did not change. The distances and angles within the amidinate ligand are essentially unchanged. The Ir-CO distance is 1.874(9) Å.
In order to further test the robustness of the organometallic macrocyles and the cages, the red complex 2a or 3a was mixed with an excess of tert-butylisocyanide, respectively. Both of them reacted with tert-butylisocyanide quickly in dichloromethane at room temperature to give yellow complex 5a in good yield. In the 1 H NMR spectrum, the sharp signal for equivalent Cp* was found at 2.10 ppm (5a) . A signal of the tert-butyl group was observed at 1.60 ppm (5a). In the IR spectrum, absorption corresponding to that of the (b) . All hydrogen atoms and guest molecules were omitted for clarity.
Scheme 5 The transformation of multinuclear complexes to binuclear complexes 4a, 4b, 5a.
isocyanide ligand was found at 2187 cm -1 (5a), which is similar to the reported value [24] . The structure of 5a (CCDC 942673) was confirmed by X-ray diffraction study. In the binuclear complex 5a, tert-butylisocyanide is evidently coordinated to the iridium centers through the terminal carbon atom with a distance of 1.931(4) Å, while the nitrogen atom has no interaction with the iridium centers (Fig. 6) . The coordination geometry of the isocyanide ligand is linear type with an Ir(1)-C(17)-N(3) angle of 173.8(4)°. The structure of the isocyanide ligand is also linear with a C(17)-N(3)-C(18) angle of 173.6(5)°. The Ir-N distances around 2.12 Å are matched well with the Ir-N distances observed in 2a for the iridium atom with amidinate group, which indicate that the isocyanide ligand's ability to π-back-bond and accept electron density from the iridium atoms has no effect on the Ir-N distances observed.
Conclusion
In summary, two binuclear half-sandwich iridium-based complexes 1a and 1b bearing phenyl-linked or xenyl-linked bis(amidinate) ligand were prepared as precursors, and the reactions of the binuclear precursors with di-and tritopic pyridyl ligands have been investigated. With ditopic pyridyl ligands, we have observed macrocycles 2a and 2b, the cation of 2a is a standard rectangular structure, whereas the molecular structure of 2b is twisted greatly due to the rotation of the single bond between two phenyl groups in the xenyl-linked ligand. With the tritopic ligand tpt, two hexanuclear complexes 3a and 3b were obtained in high yields. Complexes 3a and 3b represent rare examples of prismlike cages with large cavity size that formed without any templates. The solutions of these macrocycles and cages are stable in air for several weeks but very sensitive to CO. A combination of spectroscopic studies and X-ray crystallography confirmed that the reaction between the multinuclear complexes and CO can yield binuclear complexes. Moreover, the reactions of tert-butylisocyanide with the metallacycles and cages have been tested. It appears that the terminal carbon atom of tert-butylisocyanide coordinated to the iridium centers instead of the nitrogen atoms of the bidentate ligand (pyrazine) and the tridentate ligand (tpt). It is to say that the multinuclear complexes can be destroyed by tert-butylisocyanide as well as CO. Currently, we are exploring the applications of these macrocycles and cages in our laboratory, including host-guest chemistry, chemical sensors, catalytic field, and so on.
Experimental section General procedures
All manipulations were performed under an atmosphere of nitrogen using standard Schlenk techniques. However, once the reactions were completed, subsequent workups were done without precaution, as the compounds are air-stable for several weeks. Solvents were purified by standard methods prior to use. The starting material [Cp*IrCl(μ-Cl)] 2 was prepared according to the literature method [25] , while other chemicals were obtained commercially and used without further purification. Elemental analyses were performed on an Elementar III Vario EI analyzer.
1 H NMR (400 MHz) spectra were obtained on a Bruker DMX-400 spectrometer in CDCl 3 solution. IR spectra were measured on a Nicolet Avatar-360 spectrophotometer.
X-ray crystal structure determinations
Single-crystal XRD data of the compounds was collected on a Bruker APEX DUO diffractometer. Complexes  H 2 L 2 , 1a, 1b, 2a, 2b, 3b, 4a , and 5a were collected with Mo-Kα radiation (λ = 0.71073 Å) and complexes 3a were collected with Cu-Kα radiation (λ = 1.54178 Å) at 173 K. These structures were solved by direct methods, using Fourier techniques, and refined on F 2 by a full-matrix least-squares method. All calculations were carried out with the SHELXTL program. A summary of the crystallographic data and selected experimental information is given in Tables S1 and S2. CCDC-942674 (H 2 L 2 ), 942666 (1a), 942667 (1b), 942668 (2a), 942669 (2b), 942670 (3a), 942671 (3b), 942672 (4a), and 942673 (5a) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/ data_request/cif.
Synthesis of ligand H 2 L 2
To a solution of 4,4′-dibromobiphenyl (3.1 g, 10.0 mmol) in Et 2 O (50 mL) was added 18.8 mL of n BuLi (1.6 M in C 6 H 14 , 30.0 mmol, 3 equiv.) at room temperature. The reaction mixture was stirred strongly at 40 °C for 12 h, affording a slightly yellow cream slurry of the lithium salt 4,4′-Li 2 (C 6 H 4 ) 2 . The solvent was removed by filtration, and the remaining solid was washed with Et 2 O (3 × 20 mL). The lithium salt was subsequently reslurried in THF (100 mL) and 1,3-dicyclohexylcarbodiimide (4.1 g, 20.1 mmol) was added at 0 °C, affording a beige slurry. The mixture was stirred for 12 h followed by the slow addition of distilled water to afford a clear orange solution that was stirred at ambient temperature for 2 h. The solution was washed with water, and the product was extracted with ether (3 × 20 mL). Then the volatiles were removed under reduced pressure to afford crude products that were recrystallized from Et 2 O at -30 °C as colorless crystals (2.7 g, 48 %). 3434, 2922, 2850, 1635, 1479, 1315, 1151, 1102, 978, 890, 826, 738, 613 cm -1 ; elemental analysis calcd (%) for C 38 H 54 N 4 : C 80.51; H 9.60; N 9.88; found C 80.28; H 9.81; N 9.60.
Synthesis of complexes 1a, 1b
1.4 mL (2.2 mmol) of n BuLi (1.6 M solution in hexane) was added dropwise to a solution of H 2 L 1 (492 mg, 1.0 mmol)/H 2 L 2 (567 mg, 1.0 mmol) in THF (30 mL) at -78 °C. The reaction mixture was stirred for 30 min, then slowly warmed up to room temperature and further stirred for 2 h. The result slurry was added via cannula to the rapidly stirred slurry of [Cp*IrCl(μ-Cl)] 2 (875 mg, 1.1 mmol) in THF (20 mL) at 0 °C. Then, the mixture was stirred at 70 °C for 12 h to give a dark red solution. The volatiles were removed under reduced pressure, and the product was separated from lithium chloride by extraction with CH 2 Cl 2 . Then, the concentrated solution was recrystallized by adding hexane to give yellow crystals (1a, 789 mg, 65 %; 1b, 735 mg, 57 %). Data for complex 1a: 2926, 2851, 1489, 1362, 1343, 1228, 1102, 1075, 1028, 989, 852, 611 2924, 2851, 1488, 1362, 1344, 1260, 1226, 1099, 1072, 1028, 988, 887, 832, 639, 576, 519 cm -1 ; elemental analysis calcd (%) for C 62 H 90 Cl 10 Ir 2 N 4 : C 45. 67; H 5.56; N 3.44; found C 45.98; H 5.42; N 3.21 .
Synthesis of complexes 2a, 2b
A solution of 1a (122 mg, 0.1 mmol)/1b (130 mg, 0.1 mmol) and pyrazine (8.0 mg, 0.1 mmol) in CH 2 Cl 2 (20 mL) was added to a solution of AgOTf (52 mg, 0.2 mmol) in 10 mL CH 2 Cl 2 via cannula at -78 °C. After vigorous stirring for 2 h in darkness, the color of the mixture changed and the reaction mixture was further stirred for 6 h at room temperature. Subsequently, the solution was filtered to remove undissolved compounds. 2932, 2856, 1487, 1362, 1354, 1278, 1155, 1030, 994, 846, 638, 573, 517 cm (d, 4H, C 6 H 4 ), 7.28 (d, 4H, C 6 H 4 ), 7.40 (d, 4H, C 6 H 4 ), 9.50(s, 8H, pyrazine) ; IR (KBr disk): ν = 2931, 2855, 1482, 1362, 1347, 1279, 1223, 1098, 1073, 1030, 992, 890, 832, 638, 572, 517 cm -1 ; elemental analysis calcd (%) for C 135 H 185 Cl 8 F 12 Ir 4 N 12 O 12 S 4 : C 45.33; H 5.21; N 4.70; found C 44.98; H 5.39; N 4.65 .
Synthesis of complexes 3a, 3b
Complex 3a and 3b were prepared by the similar method used for complexes 2a, 2b. A solution of 1a (184 mg, 0.15 mmol)/1b (198 mg, 0.15 mmol) and tpt (33 mg, 0.1 mmol) in CH 2 Cl 2 (20 mL) was added to a solution of AgOTf (80 mg, 0.3 mmol) in 10 mL CH 2 Cl 2 via cannula at -78 °C. After vigorous stirring for 2 h in the darkness, the color of the mixture turned dark red and the reaction mixture stirred for 6 h at room temperature. Subsequently, the solution was filtered to remove undissolved compounds. The filtrate was concentrated and the residue was washed with Et 2 O (Yield: 3a, 287 mg, 58 %; 3b, 316 mg, 61 %). The suitable crystals 3a and 3b were obtained through the diffusion of ether into the solution of the complexes in dichloromethane after 6 days in high yield. Data for complex 3a: 2933, 2839, 1640, 1541, 1520, 1374, 1262, 1157, 1099, 1030, 802, 638, 575, 513 (d, 12H, pyridyl), 9.31 (d, 12H, pyridyl) ; IR (KBr disk): ν = 2931, 2850, 1518, 1482, 1371, 1347, 1263, 1224, 1155, 1031, 883, 831, 638, 577, 518 
Synthesis of complexes 4a and 4b
The first method: 0.025 mmol of 2a (78 mg) or 2b (84 mg) was dissolved in 10 mL CH 2 Cl 2 and CO was bubbled at ambient temperature. The red solution turned light yellow in 1 min. After vigorous stirring for 2 h, the solvent was removed and the residue was washed with Et 2 O to yield a yellow solid (yield: 4a, 91 % and 4b, 93 %). Suitable crystals 4a were obtained via diffusion of ether into the solution of the corresponding complex in CH 2 Cl 2 for several days. The second method: 0.025 mmol of 3a (132 mg) or 3b (136 mg) was dissolved in 10 mL CH 2 Cl 2 and CO was bubbled at ambient temperature. The red solution turned light yellow after several minutes. Vigorous stirring was continued for 4 h, and then the solvent was removed. The residue was extracted with CH 2 Cl 2 to afford a yellow solid (yield: 4a, 90 % and 4b, 92 %). The third method: two 25-mL Schlenk flasks were charged with 0.05 mmol of 1a or 1b and 27 mg (0.1 mmol) of AgOTf, respectively. They were both dissolved in 10 mL of CH 2 Cl 2 . The solution containing 1a or 1b was added to the solution of AgOTf at -78 °C and the reaction mixture was bubbled with CO for 4 h. The precipitate formed and the solution turned light yellow. The solvent was removed, and the residue was extracted with CH 2 Cl 2 , followed by filtration to remove insoluble compounds. The filtrate was concentrated to about 3 mL and diethyl ether was added, to give 4a and 4b as a yellow solid in 76 % and 80 % yield, respectively. 2935, 2854, 2026, 1487, 1344, 1319, 1274, 1234, 1145, 1067, 1032, 924, 882, 637, 587 2861, 2022, 1488, 1344, 1252, 1226, 1089, 1047, 974, 896, 832, 638, 576, 526 cm -1 ; elemental analysis calcd (%) for C 62 H 82 F 6 Ir 2 N 4 O 8 S 2 : C 47.31; H 5.25; N 3.56; found C 47.01; H 5.34; N 3.29.
Synthesis of complexes 5a
The first method: One drop t BuNC was added to the solution of 0.025 mmol of 2a in 10 mL CH 2 Cl 2 at room temperature. The solution turned light yellow rapidly. After the reaction completed, the solvent was concentrated to about 3 mL and diethyl ether was added to give 5a as yellow solids in 90 % yield. The second method: One drop t BuNC was added to the solution of 0.025 mmol of 3a in 10 mL CH 2 Cl 2 at room temperature. The red solution turned light yellow after several minutes. Vigorous strirring was continued for 4 h, and then the solvent was removed. The residue was washed with Et 2 O and extracted with CH 2 Cl 2 to afford a yellow solid (yield: 5a, 80 %). Data for complex 5a:
1 H NMR (CDCl 3 , 400 MHz, TMS): δ = 0.86-1.72 (m, 40H, Cy), 1.60(s, 18H, C(CH 3 ) 3 ), 2.10 (s, 30H, Cp * ), 2.48 (m, 4H, NCH), 7.46 (br, 4H, C 6 H 4 ); IR (KBr disk): ν = 2935, 2869, 2187, 1488, 1378, 1341, 1221, 1127, 1031, 1006, 638, 578, 517 cm -1 ; elemental analysis calcd (%) for C 65 H 98 Cl 2 F 6 Ir 2 N 6 O 6 S 2 : C 46. 11; H 5.83; N 4.96; found C 45.99; H 5.72; N 5.27. 
